The feeding of unripe persimmon (PP) ('Hiratanenashi', pollination variant) and soluble tannin (PST), as its component, on blood pressure was examined in spontaneously hypertensive rats (SHR). Systolic blood pressure (SBP) was decreased by PP and PST administration for 2-3 days and increased after switching to the basal diet alone. Increases in serum nitric oxide level and liver NOS3 gene expression in SHR fed PP suggests that the induction of nitric oxide formation by PP administration might be involved in decreasing SBP. The decrease in ACE activity by PST administration suggests that, as a component of PP, PST mainly lowers SBP through its angiotensin I-converting enzyme (ACE) inhibitory effect. Scopoletin, contained as a minor component in PP and PST, decreased SBP by single oral administration, suggesting that it also might be involved in lowering SBP.
Introduction
Persimmon tannin, prepared from persimmon by soaking in 50% acetone at room temperature, and 'Shibu', prepared from unripe persimmon juice, provide a bitter (acrid) taste and are known to be effective in reducing hypertension in stroke-prone SHR (spontaneously hypertensive rats) (SHRSP) and patients suffering from essential hypertension (Uchida et al., 1990; Sasakawa, 1955) . It has also been shown that the anti-hypertensive effect of persimmon tannin might be due to its inhibitory effect on angiotensin I-converting enzyme (ACE) activity, its regulatory effect on nitrogen metabolism, and its radical scavenging activity (Uchida et al., 1990; Sasakawa, 1955) . While the anti-hypertensive activity of unripe persimmon and its mechanism of action have not yet been fully elucidated, the following observations have been made: the hypolipidemic effect of persimmon in apolipoprotein E-deficient C57BL/6.KOR-ApoE shl mice (Matsumoto et al., 2008) , the inhibitory effects of proanthocyanidin polymers and oligomers obtained from persimmon peel on digestive enzymes and on the formation of advanced glycation end-product (AGE) (Lee et al., 2007) , and the hypolipidemic effect of persimmon peel in diabetic rats (Lee et al., 2006) . Studies on persimmon have extended to the persimmon leaf, demonstrating anti-tumor (Khanal et al., 2010) , ACE inhibitory (Funayama and Hikino, 1979; Kameda et al., 1987) , and anti-allergy effects (Kotani et al., 2000; Matsumoto et al., 2002) . It has been deduced that these biological activities are demonstrated by flavonoid glycosides, such as kaempferol 3-O-glucoside, quercetin 3-O-glucoside and/or their galloylated homologues (Kameda et al., 1987) . The causes of hypertension are thought to be closely related to increases in insulin resistance and central obesity, which are recognized as main factors involved in the pathophysiology of metabolic syndrome (Duvnjak et al., 2008) . Therefore, prevention of hypertension is considered to be very important to reduce diabetes complications. Thus, raw food materials and their components that exhibit ACE inhibi-(SHR/Izm; 18 weeks old; body weight 330 − 340 g) were purchased from SLC (Shizuoka Laboratory Animal Center, Shizuoka, Japan) and used after pre-feeding them with the basal diet (Table 1) for 3 days. Next, the SHR were divided into 2 groups, and fed either the basal diet (the CON group) or the basal diet containing 5% PP for 3 days, and the diet of each group was subsequently switched with the other diet. The effect of dietary PST on systolic blood pressure (SBP) was determined in SHR (20 weeks old; body weight, 360 − 370 g) given either the basal diet or the basal diet containing 0.5% PST for 2 days, followed by the subsequent exchange of each diet for the other.
In experiment 2, determination of the effects of PP and PST on SBP and biochemical markers in SHR was carried out as follows. Male SHR/NCrlCrlj (8 weeks old; body weight 200 − 250 g) and male Wistar Kyoto rats (WKY/ NCrlCrlj, 8 weeks old; body weight, 200 − 250 g), a nonhypertensive control model of SHR, were purchased from Charles River Laboratories Japan, Inc. (Yokohama, Japan). After acclimatization for 1 week, the SHR and WKY rats were used in experiments. The SHR were placed on a basal diet (CON group, n = 5), the diet containing 5% PP or the diet containing 0.5% PST (PST group, n = 5) for 20 days. For the non-hypertensive control group, five WKY rats were fed the basal diet (WKY group, n = 5). Compositions of the diets used in this experiment are shown in Table 1 . PP and PST were added to the basal diet at the expense of the α-corn starch-sucrose mixture, respectively.
In experiment 3, to determine the underlying SBP lowering principle of PP and PST, male SHR (SHR/Izm, 18 weeks old; body weight 330 − 350 g), purchased from SLC, were used. In this experiment, 5 mg of scopoletin, which was identified in PP and PST, as described later, was given orally to SHR after suspending it in 1 mL of a 0.5% sodium cartory effects or a hypotensive effect have been the focus of many studies. Currently, peptides derived from food protein (Fujita, 1995; and flavonoids (Khanal et al., 2010; Kumamoto, 1985) are well known as active compounds.
In this paper, the hypotensive effect of unripe persimmon (Diospyros kaki L. cv. Hiratanenashi), of which about a quarter is considered waste, was examined from the viewpoint of bioresource optimization, as a raw food material for the improvement of metabolic syndrome. Furthermore, a hypotensive compound (besides tannin) that is considered an principle active component in persimmon was further investigated.
Materials and Methods
Preparations of unripe persimmon (PP) and soluble tannin (PST) Unripe persimmons (about 100 g) collected in September, 2009 in the Tsuruoka area of Yamagata Prefecture, Japan, were washed with water before freeze drying. The freeze-dried sample was used as PP after grinding. For the preparation of soluble tannin, unripe persimmon was extracted with 50% ethyl alcohol (EtOH) under reflux at 80℃ for 30 min, followed by filtration using Toyo No.2 filter paper (Advantec Toyo Kaisha Ltd., Tokyo, Japan). EtOH was removed from the filtrate by concentrating it in vacuo at about 40℃. The sample was then applied to a Diaion HP-20 column (Mitsubishi Kasei, Tokyo, Japan), and the column was subsequently washed with distilled water. Tannins absorbed on the column were eluted with 80% EtOH, evaporated in vacuo and then used as soluble persimmon tannin (PST) after freeze-drying. The prepared PST was soluble in distilled water.
Animals and diets In experiment 1, to determine the hypotensive effect of PP, male spontaneous hypertensive rats c. liu et al. Real-time Quantitative PCR Total amounts of RNA of NOS1 (neuronal nitric oxide synthase), NOS2 (inducible nitric oxide synthase) and NOS3 (endothelial nitric oxide synthase) were prepared from liver tissue using an RNA Miniprep Kit (Agilent Technologies Japan Ltd., Tokyo, Japan). RNA concentration was adjusted to 1 μg/μL with RNase-free distilled water. cDNA was prepared using the AffinityScript QPCR cDNA Synthesis Kit (Agilent Technologies). The expression of target genes was detected by using the primers listed in Table 2 . β-Actin was selected as a "housekeeper gene" for comparison. All oligonucleotide primers (Table 2) were purchased from Takara Inc. (Tokyo, Japan) and used at 500 nM final concentrations. Briefly, 2 μL of the diluted synthesized cDNA together with the appropriate primers was added to Brilliant III Ultra-Fast SYBR Green QPCR Master Mix (Agilent Technologies) for a total volume of 20 μL. Real-time PCR was carried out using a Stratagene Mx3000P (Agilent Technologies) under the following PCR conditions: initial denaturation at 95℃ for 3 min, then 40 cycles of 95℃ for 20 s, and 60℃ for 20 s.
Statistical analyses Values are presented as the mean ± SEM. The homogeneity of the variance between treatments was verified by Bartlett's test. Data for the CON and sample groups in experiments 1 and 3 were analyzed by the Student's t-test, where differences were considered significant at p < 0.05. Data for the CON, PP and PST groups were analyzed using a one-way analysis of variance (ANOVA). A post-hoc analysis of significance was conducted using the Fisher's PLSD test, where differences were considered significant at p < 0.05. boxymethyl cellulose (CMC) solution. For the control group, CMC solution without PP and PST was given. SBP levels were measured at 0 (just before oral administration of the sample), 2, 4 and 6 h after oral administration.
The rats were maintained under conditions of 22 ± 2℃, relative humidity of 55 ± 5%, and a 12 h light-dark cycle (light cycle: 08:00 − 20:00) in all animal experiments. Diets and tap water were given ad libitum in all experiments. All animal experiment protocols were approved by the Animal Use Committee of Yamagata University.
Measurements of blood pressure and biochemical markers SBP of the rats was measured by the tail cuff method using a programmed electrosphygmomanometer (BP-98; Softron Co., Tokyo, Japan). Serum was prepared by centrifuging the blood at 1,000 × g for 15 min. Serum total cholesterol (T-Chol), high density lipoprotein-cholesterol (HDL-Chol), triglyceride (TG), and non-esterified fatty acids (NEFA) were measured by commercial kits (cholesterol Etest, HDL-cholesterol E-test, triglyceride E-test, and NEFA C-test, respectively; Wako Pure Chemical Industries, Osaka, Japan). Serum ACE activity was measured by Cushman's method (Cushman and Cheng, 1971) . Serum NO 2 − and NO 3 − levels were determined by a Griess reagent kit (DOJINNDO Laboratories, Tokyo, Japan) (Misko et al., 1993) . Identification of principle active component Since PP showed anti-hypertensive effects, as described later, its active compounds were investigated using hot MeOH extracts of PP. The n-hexane soluble fraction of the extracts was removed after mixing the MeOH extracts, distilled water, and n-hexane at a ratio of 1:1:2, and molecules larger than 3 KDa were excluded by ultracentrifugation, using an Amicon ultra-4 centrifugal filter device (Millipore Corporation, Billerica, MA, USA). PST, dissolved in distilled water, was also treated in the same way to obtain the fraction containing molecules smaller than 3 KDa. Identification of compounds in the filtrate was carried out by high-performance liquid chromatography with photo-diode detection (HPLC-DAD) and high-resolution electrospray ionization Tof-mass spectroscopy (HRESI-Tof-MS). HRESI-Tof-MS was performed in the negative mode on a Xevo QTof MS instrument with UPLC (Waters, Milford, MA, USA), using a BEH C-18
Anti-diabetic Effect of Unripe Persimmon (Fig. 1(A) ). PST diet administration for 2 days significantly decreased SBP when compared to the CON group. Exchange of the PST diet for the CON diet after day 2 increased SBP to the starting level ( Fig. 1(B) ).
Effects of a longer feeding period of PP and PST on SBP and biochemical markers Food intake, body weight gain, and liver weight did not differ significantly among the CON, PP and PST groups (Table 3) . Serum and liver TG levels showed a tendency to decrease, while liver total-Chol level was significantly lower in the PP group compared to
Results
Effect of the exchange of the PP diet for the CON diet or the PST diet for the CON diet on SBP As shown in Fig. 1 , although PP diet administration for 1 − 2 days significantly decreased SBP, exchanging the PP diet for the CON diet at day 3 reversed the effect on SBP to almost the starting level, 2 days after the exchange. On the other hand, SBP of the CON group, which showed almost the same level for 3 days, decreased when the CON diet was exchanged with the PP diet, showing a significant difference at 2 days after the c. liu et al. ○, control (CON: basal diet) group; △, group fed basal diet with unripe persimmon (PP); □, group fed basal diet with PST. Diets for rats were exchanged for each other after 3 and 2 days in the respective experiment (experiments A and B). Arrow shows exchange of the diet. Data are expressed as means ± SEM (n = 4). Differences between groups were determined by the Student's t-test. * Significantly different from the control group (p < 0.05). 
Blood pressure-depressing (anti-hypertensive) compound in PP and PST
The HPLC chromatogram of PP and PST, in which molecules larger than 3 kDa were removed, is shown with the HPLC chromatogram of authentic scopoletin (Fig. 5) . PP and PST contained a compound with the same retention time as that of scopoletin. HRESI-Tof-MS of this the CON group; however, these effects were not observed in the PST group (Table 3) . Serum HDL-Chol and NEFA levels, liver PL and NEFA levels, and atherogenic index did not differ among the CON, PP and PST groups. SBP levels of the PP and PST groups showed a tendency to decrease and a significantly lower level than that of the CON group from day 5 to day 7, respectively. The SBP levels of both the PP and PST groups after day 9 were significantly lower than that of the CON group. The SBP of the WKY (as negative control) was significantly lower than that of the CON group during the 20-day feeding period (Fig. 2) . The serum ACE activity tended to be decreased by PP and PST, but not to a significant level (Table 3) . Although the serum nitrite (NO 2 − ) and nitrate (NO 3 − ) contents and NO 2 − + NO 3 − content among the CON, PP and PST were not statistically different, those of the PP group tended to be higher than those of the CON group (Fig. 3) .
NOS1, NOS2, and NOS3 gene expression in the liver
In order to investigate the underlying cause of the tendency for increased NO 2 − and NO 3 − levels in the PP group compared to the CON group, NOS2 and NOS3 mRNA expression was examined. NOS1 mRNA expression was also examined. Using species-specific oligonucleotide primers (Table 2) , liver NOS1, NOS2, and NOS3 mRNA were amplified by RT-PCR. Although the expression of NOS2 mRNA, normalized to β-actin, was not different in the PP group compared to the CON group, that of NOS3 mRNA was significantly increased in the PP and PST groups (Fig. 4) .
Anti-diabetic Effect of Unripe Persimmon WKY, negative control (Wistar Kyoto rats fed basal diet) group, CON, basal diet group; PP, group fed basal diet with PP; PST, group fed basal diet with PST. , NOS1/ß-Actin ratio; , NOS2/ß-Actin ratio; , NOS3/ß-Actin ratio. NOS, nitric oxide synthase. Data are expressed as means ± SEM (n = 5). Differences in mRNA expression in the CON, PP and PST groups were determined using Fisher' least significance method, following by an ANOVA. Means without a common letter or asterisk among the group with same painted square differ significantly. p < 0.05. Samples prepared according to the text, in which molecules larger than 3 kDa were removed, were analyzed. Peaks a and b were identified as scopoletin and quercetin 3-O-glucoside (isoquercitrin), respectively, from their retention time on the HPLC and UV spectrum determined by photodiode array detector.
HPLC conditions: column, Develosil C-30-UG-5 (4.6 i.d. × 250 mm, Nomura Chemical Co., Aichi, Japan); development, a linear gradient of 0-100% of solvent B (40% CH 3 CN) in solvent A (5% CH 3 CN in 1% acetic acid) over the course of 180 min at a flow rate of 0.8 mL/min; detection at 330 nm. flavonoids, and the other phenolic compounds, it would be of great interest to investigate the compounds in PST that contributed most to the depression of SBP.
The serum and liver TG levels and liver total-Chol level tended to be decreased by PP administration. These results are similar to those obtained by Matsumoto et al. (Matsumoto et al., 2008; , indicating the possibility that PP has a hypolipidemic effect as well as a hypotensive effect (Table  3) . PST had no influence on liver total-Chol and TG levels or on serum TG level, possibly indicating that the lowering of these lipid levels was partly caused by compounds other than PST, such as persimmon fiber. The SBP-lowering effect of PP during its long feeding period (20 days) (Fig. 2 ) might indicate that PP is more effective at lowering blood pressure than improving lipid levels. The lowering of SBP by changing from the basal diet to the PP or PST diet, also strongly suggests that PP and PST have hypotensive effects in SHR. The tendency for decreased ACE activity with PP and PST administration, though not statistically significant, suggests that the lowering of SBP by PP is in part due to the inhibitory effect of PST on ACE (Table 3 ). The similarity between the effects of PP and PST administration on SBP, as well as the weak inhibition of ACE activity in the PP group, compared to the PST group, might indicate that the lowering of SBP by PP might be due to different mechanism than with PST. Compounds capable of lowering SBP without having an influence on ACE activity might exist in PP.
The tendency for increased serum NO 2 − + NO 3 − and NO 3 − levels (NO 3 − : as the difference between NO 2 − + NO 3 − and NO 2 − ) in the PP group, compared with those of the PST group (Fig. 3) , might indicate that decreased SBP in the PP group was partly involved with the formation of large amounts of nitric oxide (NO) by PP, rather than the inhibition of ACE by PP and tannin, as a component of PP. A significant increase in NOS3 gene expression in the PP group compared with the CON group might indicate that decreased SBP in PP is strongly associated with NO 3 − formation by NOS3. As it has been reported that flavonoids such as astragalin (kaempferol 3-O-glucoside) and isoquercitrin (quercetin 3-O-glucoside), contained in persimmon leaves, and modified isoquercitrin have a hypotensive effect in SHR (Funayama and Hikino, 1979; Emura et al., 2007) , and furthermore that isoquercitrin shows a hypotensive effect through the induction of nitrite production, the lower SBP in the PP and PST groups might partially involve flavonoids associated with PP and PST. Involvement of isoquercitrin in PP and PST was confirmed by HPLC of the fraction containing molecules smaller than 3 KDa in the respective sample (Fig. 5 ) Oral administration of scopoletin, which was identified in both PP and PST, resulted in decreased SBP (Fig. 6) Fig. 6 , the SBP of SHR administered scopoletin decreased gradually with time after administration, and showed a significant decrease after 4 h compared to that of the CON group.
Discussion
Although the effect of the acrid juice of unripe persimmon, which is sufficiently aged to be drinkable (Persimmon tannin), on blood pressure was examined and shown to be a possible remedy for hypertension (Sasakawa, 1955) , and while its anti-hypertensive effect was slight (Uchida et al., 1990) , the effect of feeding unripe persimmon as a food ingredient on blood pressure has not yet been fully examined using the SHR model. A decrease in SBP with PP diet administration and a gradual increase in SBP by exchanging the diet for the basal diet without PP (Fig. 1) , and conversely a decrease in SBP after exchanging the basal diet without PP for the PP diet, indicate that dietary unripe persimmon has the ability to lower blood pressure under hypertensive conditions. The lowering of SBP by PST administration and its return to the starting level by exchanging it for the basal diet without PST suggests that PST, as a component of unripe persimmon, also has the ability to lower SBP. As the PST prepared in this experiment contains a variety of minor compounds, including tannins of a wide range of molecular sizes, Anti-diabetic Effect of Unripe Persimmon A suspension of 10 mg scopoletin in 0.5% CMC (sodium carboxymethyl cellulose) was orally administered to SHR after 10 hr of fasting. ◇, control rats; △, rats administered scopoletin. Each value is expressed as mean ± SEM (n = 4 − 5). * Significantly different from the control group using the Student's t-test (p < 0.05).
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Uchida, S., Ohta, H., Niwa, M., Mori, A., Nonaka, G., Nishioka, I. and Ozaki, M. (1990) . Prolongation of life span of stroke-prone spontaneously hypertensive rats (SHRSP) ingesting persimmon tannin. Chem. Pharm. Bull., 38, 1049 -1052 ing that scopoletin is also involved in the lowering of SBP. It was already deduced that scopoletin had hypotensive effects (Ojewole and Adesina, 1983) , and that its SBP-lowering effect mainly involves its smooth muscle relaxing ability, by acting as a non-specific spasmodic agent like papaverine (Ojewole and Adesina, 1983) .
Conclusion
In this study, the hypotensive effects of unripe persimmon were investigated in SHR. It was demonstrated that PP had anti-hypertensive effects in SHR, which had not previously been examined in detail; furthermore, its activity was shown to be partly due to the induction of NOS3, accompanying an increase in nitric oxide formation in the serum. It was also indicated that scopoletin, contained in PP and PST as a minor compound, might also be involved with the lowering of SBP in SHR fed PP and PST.
